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Abstract 
Arsenic (As) is a toxic element found in both natural and anthropogenic sources. High concentration of this element was recently 
uncovered in the groundwater of Sumbawa Island, Indonesia. This contamination seems to be caused by the operation of gold 
mining in the island. To mitigate this problem, As adsorption potential of natural geological materials like lignite, bentonite, 
shale, and iron sand obtained in Indonesia were evaluated by batch experiments. These materials were selected because of thei r 
low cost and availability. The results showed that among these natural materials tested, lignite was the most effective adsorbent 
of As(V) followed by bentonite, shale and then iron sand, and that the amounts of As(III) adsorbed onto all adsorbents were 
lower than those of As(V).This indicates that As(III) is more mobile in comparison to As(V). The adsorption isotherms of As(III) 
and As(V) conformed to nonlinear types, either Langmuir or Freundlich. Solution pH also affected the amount of As adsorbed.
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1. Introduction 
Groundwater contamination of arsenic (As) is a serious worldwide problem. Human health problems associated 
with such contamination have been reported in many parts of the world, including Bangladesh (Karim, 2000), 
Taiwan (Chen, et al., 1994), China (Fujinoa, et al., 2004), Mexico (Meza, et al., 2004), Argentina (Bates, et al., 
2004), Chile (Smith, et al., 1998) and India (Mazumder and Dasgupta, 2011). The World Health Organization 
(WHO) lowered its provisional guideline for As in drinking water to 0.01 mg/L in 1993 (WHO, 1993), which was 
adopted by developed countries like U.S.A. and Japan. Arsenic can be released from natural sources as well as a 
variety of anthropogenic activities including mining, combustion of fossil fuels, the use of arsenical pesticides, 
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herbicides and crop desiccants and disposal of chemical wastes (Smedley and Kinniburgh, 2002). In addition,
depending on the redox conditions, inorganic As occurs in groundwater mostly as arsenate [As(V)] or arsenite 
[As(III)]. Both oxidation states are often observed due to their relatively slow arsenic redox transformations
(Smedley and Kinniburgh, 2002, Lai, et al., 2004). These redox transformations of As are important because As(III)
is more mobile and toxic than As(V).
Removal of hazardous elements like As from aqueous solutions can be achieved by different technological
methods which include chemical precipitation, ion exchange, adsorption, reverse osmosis, modified
coagulation/filtration, modified lime softening, electro deposition and oxidation/filtration (USEPA, 2002). Among
these methods, adsorption is receiving increased attention as an attractive and promising technology because of its 
simplicity, cheaper pollution control, ease of operation and handling, sludge-free operation, and regeneration 
capability. Several solid materials have been employed as adsorbents for As like activated alumina, fly ash, pyrite
fines, manganese greensand, amino-functionalized mesoporous silicas, clinoptilolite and other zeolites, iron oxides,
activated carbon and zero-valent iron (Subramanian, et al., 1997, Yoshitake, et al., 2003, Elizalde-Gonzalez, et al.,
2001, Bang, et al., 2005, Lackovic, et al., 2000). Although these adsorbent materials are effective, most of them are
expensive. It is necessary to substitute naturally occurring materials for effective but expensive adsorbents.
However, investigations involving these naturally occurring materials are few and most of these studies have been 
conducted using minerals synthesized in the laboratory (Baskan and Pala, 2011, Shevade and Ford, 2004, Pena, et 
al., 2005).
Although most environmental As problems are the result of mobilization under natural conditions, contamination
due to mining activities is also significant. For example, high concentration of As in the groundwater of Sumbawa
Island, Indonesia has recently been uncovered. Therefore, this study aims to characterize several natural geological
materials and to evaluate their As(V) and As(III) adsorption properties. In the present study, lignite, bentonite, shale
and iron sand are used as adsorbents of As removal from aqueous solution because they are cheap and readily 
available and can be applied to the remediation of contaminated sites in Indonesia. The effects of solution pH and 
shaking time on As were also evaluated because these parameters are known to be sensitive. Finally, equilibrium 
isotherm models were applied to predict the adsorption capacity of each adsorbent.
2. Materials and Methods
2.1. Sample Collection
The materials used as adsorbents in this research were natural geological materials collected in Indonesia: lignite 
from Samigaluh, Kulon Progo area; bentonite from Punung, Pacitan, East Java; shale from, Bogor, West Java; and 
iron sand from Glagah beach, Kulon Progo area. The location of the sampled places is shown in Figure 1.
Figure 1. Location of the sampled places of adsorbents
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2.2. Sample Preparation and Characterization 
Prior to experiments, the geological materials were air-dried, crushed and sieved through 0.125, 0.25, 0.5 and 1 
mm aperture screens to segregate into different particle sizes. For the chemical and mineralogical analysis, parts of 
these materials -ray 
diffractometer (XRD), Multiflex (Rigaku Corporation, Japan), was employed while the chemical composition was 
determined using an X-ray fluorescence spectrometer, Spectro Xepos (Rigaku Corporation, Japan). Both analyses 
were done using pressed powders of the geological materials. After drying the samples (< 2 mm) in an oven at 110 
°C for 24 hr, loss on ignition (LOI) was determined through gravimetry by heating the sample inside a furnace at 
750 °C for 1 h. Total organic carbon (TOC) content of all adsorbents was analyzed using TOC-L Total Organic 
Carbon Analyzer coupled with a Solid Sample Module SSM-5000A (Shimadzu Corporation, Japan). 
2.3. Batch Experiments 
Batch adsorption tests were performed to determine the adsorption performance of the geological materials to 
remove As. Both As(V) and As(III) solutions were prepared by dissolving reagent grade disodium hydrogen 
arsenate heptahydrate (Na2HAsO4 7H2O), and diluting arsenic standard solution for atomic adsorption spectrometry 
(As2O3 and NaOH in water, pH 5.0 with HCl, Wako Pure Chemistry Industry Ltd., Japan), respectively.  
The adsorption experiments were carried out in 250 mL flasks. One gram of each material was added to 100 mL 
of As(V) or As(III) solution with concentrations of 1-50 mg/L, and then the mixture was shaken at room 
temperature for 24 hr at 120 rpm until adsorption equilibrium was attained. After mixing, the pH and redox potential 
® sterile 
membrane filters (Millipore Corporation, USA). The suspensions of bentonite and shale samples were centrifuged at 
3,000 rpm for 20-25 min before filtration. Arsenic concentrations before and after mixing were analyzed using an 
inductively couples plasma atomic emission spectrometer (ICP-AES) (ICPE-9000, Shimadzu Corporation, Japan). 
The effect of shaking time on the adsorbed amount of As(V) and As(III) were investigated using the best three 
adsorbents of As: lignite, bentonite and shale. This was done by using a constant As initial concentration and 
amount of adsorbent added. For As(V), 0.5 g of lignite, 1 g of bentonite or 1 g of shale were added to 2 mg/L of 
As(V) solution. On the other hand, 2 g of each adsorbent were mixed with 2 mg/L of As(III) solution. The mixing 
period ranged from 1 to 48 hr. 
The effect of pH on As adsorption was examined by setting initial As concentration ranging 1 to 5 mg/L and 
adsorbent added ranging 1 to 2 g of. The contact time was fixed at 24 hr. The initial pH of the solution was adjusted 
by dropping hydrochloric acid (HCl) or sodium hydroxide (NaOH) solution resulting in suspension pH values from 
2-10. 
2.4. Adsorption Isotherms 
Equilibrium isotherms were obtained from batch adsorption experiments. The adsorbed amount of As (q) per unit 
absorbent mass was calculated using the follow equation: 
 
q =   (1) 
 
where, q is the adsorbed amount (mg/g), Co is the initial As concentration (mg/L), Ce is the concentration of As at 
equilibrium (mg/L), m is the amount of adsorbent added (g), and V is the volume of solution (L). 
To investigate the adsorption isotherms, the equilibrium data obtained in the different adsorbent-solute systems 
were fitted with the linear, Langmuir and Freundlich models. The linear isotherm was calculated as follows: 
 
q = KdCe  (2) 
 
where, Kd is the distribution coefficient (L/g).  
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The Langmuir isotherm was fitted using the following equation: 
 
q =   (3) 
 
A linear form of this equation is rewritten as following: 
 
 =  +   (4) 
 
where, KL (L/mg) is the Langmuir constant related to adsorption energy expressing how strong the adsorbate is 
attached onto surfaces, qm is the maximum adsorption capacity (mg/g). The Langmuir model assumes monolayer 
adsorption onto a surface with a finite number of identical sites.  
The Freundlich isotherm is an empirical equation based on the adsorption onto heterogeneous surfaces that 
describes the relationship between the adsorbed amount (mg/g) and these remaining in solution (mg/L) (Limousin, 
et al., 2007). 
 
q =   (5) 
 
KF and n are Freundlich constants that are related to the adsorption capacity and adsorption intensity, 
respectively. According to the Freundlich equation, the isotherm does not reach a plateau as Ce increases (Limousin, 
et al., 2007). 
3. Result and Discussion 
3.1. Characterization of the Adsorbents 
The chemical compositions of geological materials used as adsorbent in this study are shown in Table 1. 
Although lignite contains 13.6 wt. % Fe, 9.37 wt. % is associated with pyrite and the remainder (4.18 wt. %) with 
Fe2O3 by considering its mineralogical properties (Figure 2). The As content of lignite is 1.8 mg/kg with high sulfur 
content of 10.8 %. Total organic carbon content (TOC) of lignite is 32.3 %, which means that it has appreciable 
amounts of volatile matter. The As contents of bentonite, shale and iron sand are 5, 14.5, 2 mg/kg, respectively, with 
low sulfur contents. The As content of shale is slightly higher than the average As concentration of sedimentary rock 
(around 5-10 mg/kg) (Webster, 1999). 
The mineralogical compositions of the adsorbents are shown in Figure 2. The prominent mineral phase observed 
in lignite is pyrite (FeS2) as shown in Fig. 2(a). However, there are several smaller, but well defined peaks that 
correspond to orpiment (As2S3). The minerals detected in bentonite are primarily silicate minerals such as, 
montmorillonite, hallosite, kaolinite and quartz (Fig. 2(b)). Prominent peaks of quartz and kaolinite were also 
detected in shale (Fig. 2(c)). The main minerals observed in iron sand are magnetite (Fe3O4) and albite 
((Na,Ca)Al(Si,Al)3O8) (Fig. 2(d)). 
 
Table 1. Chemical composition of adsorbents  
 
Note: In lignite, FeS2 was calculated using wt. % of S and the remainder of Fe as calculated as Fe2O3  
Sample SiO2 (wt.%) 
TiO2 
(wt.%) 
Al2O3 
(wt.%) 
Fe2O3 
(wt.%) 
MnO 
(wt.%) 
MgO 
(wt.%) 
CaO 
(wt.%) 
Na2O 
(wt.%) 
K2O 
(wt.%) 
P2O5 
(wt.%) 
S 
(wt.%) 
TOC 
(wt.%) 
As 
(mg/kg) 
LOI 
(wt. %) 
Lignite 3.64 1.47 1.67 4.18 0.03 0.12 0.25 1.06 0.04 0.08 10.8 32.3 1.8 74.4 
Iron sand 40.0 4.18 8.07 37.5 0.53 7.31 10.4 0.99 0.61 0.61 0.0007 0.148 2 1.29 
Bentonite 62.7 1.38 24.7 9.13 0.03 2.89 1.73 0.09 0.02 0.0005 0.009 - 5 8.87 
Shale 66.0 1.15 11.3 4.42 0.07 3.23 3.07 0.18 2.16 0.02 0.44 0.764 14.5 6.97 
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Figure 2. X-ray diffractograms of (a) lignite, (b) bentonite, (c) shale and (d) iron sand
3.2. Effect of Shaking Time
Figure 3 shows the effect of shaking time on the adsorption of As(V) and As(III) onto lignite, bentonite and 
shale. Apparent equilibrium was reached after several hours for lignite whereas 24 to 48 hours was required to reach
equilibrium for bentonite and shale.
Figure 3. Effect of shaking time on the adsorption of (a) As(V) and (b) As(III)
3.3. Effects of pH
The effect of pH on the adsorption of As(V) and As(III) is shown in Figure 4. From these results, As(V)
adsorption was most favorable in the pH range of 3-8 for lignite and 2-7 for bentonite and shale.
However, the amount of As adsorbed decreased dramatically at pH > 8. In contrast, adsorption of As(V) onto iron
sand was negligible in the entire pH range (Fig. 4(a)). These indicate that arsenate adsorption is favored from pH 4
up to circumneutral pH and then gradually decreases with pH. The major chemical form of As(V) is H2AsO4- at pH
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range between 3 and 7, while a divalent anion HAsO42- dominates at higher pH values (between 7 and 11). This 
suggests that lignite is capable of adsorbing both species of As(V).
In case of As(III) adsorption, the maximum amount adsorbed was observed at pH > 4 for lignite, whereas
favorable adsorption took place at pH 8 for bentonite and at 6-9 for shale (Fig. 4(b)). The pH dependence of the
As(III) adsorption may be due to the changes in the surface charge of the adsorbents with pH.
Figure 4. Effect of pH on the adsorption of (a) As(V) and (b) As(III)
3.4. Adsorption Isotherms
The adsorption isotherms of As(V) are shown in Figure 5. Linear, Langmuir and Freundlich equations are applied 
to the obtained results. From this figure, nonlinear adsorption isotherms like Langmuir and Freundlich types fitted 
better with the observed results than the linear one for all adsorbents (Figure 5).
Figure 5. Adsorption isotherms of As(V) onto (a) lignite, (b) bentonite, (c) shale and (d) iron sand
The linear, Langmuir and Feundlich model parameters and their corresponding statistical fits to the adsorption
data are given in Table 2.The values of R2 in the Langmuir and Freundlich types were higher than that of the linear 
type, which indicates that the adsorption of As(V) cannot be expressed by the linear adsorption isotherm. The 
maximum adsorption capacity (qm) of As(V) were found to be 10.9, 0.33, 0.14 and 0.024 mg/g onto lignite,
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bentonite, shale and iron sand, respectively. This means that the best adsorbent for As(V) in this study is lignite and 
the order of adsorption capacity is as follows: lignite > bentonite > shale > iron sand. The adsorption capacity (qm) 
results mentioned above correspond to the pH interval of 2.8-3 for lignite, 6.5-7 for bentonite, 7.5-7.8 for shale and 
6.7-6.8 for iron sand.
Table 2. Fitted parameters and determination coefficients of linear,
Langmuir and Freundlich isotherms calculated based on the least squares method
For As(III) adsorption, the amounts of adsorbed onto all adsorbents were lower than those of As(V) (Figure 6).
According to R2 values in Table 2, nonlinear type adsorption isotherms fitted better than the linear isotherm for
lignite, bentonite and shale whereas the linear type is more applicable to iron sand. The maximum As(III) adsorption
capacity (qm) shown in Table. 2 is limited to the pH interval of 2.5-2.7 for lignite, 6.2-6.7 for bentonite and 7.5-7.8 
for shale.
Figure 6. Adsorption isotherms of As(III) onto (a) lignite, (b) bentonite (c) shale and (d) iron sand
Isotherm 
parameters
Lignite Bentonite Shale Iron sand
As(V) As(III) As(V) As(III) As(V) As(III) As(V) As(III)
Langmuir
KL 0.189 0.068 0.799 0.11 0.818 0.385 0.103 -
qmax 10.9 0.324 0.334 0.317 0.138 0.181 0.024 -
R2 0.897 0.559 0.981 0.995 0.99 0.99 1 -
Freundlich
Kf 1.799 0.022 0.137 0.032 0.063 0.049 0.003 -
nf 0.63 0.752 0.42 0.755 0.327 0.524 0.581 -
R2 0.857 0.963 0.957 0.996 0.981 0.975 1 -
Linear
Kd 0.745 0.013 0.052 0.020 0.018 0.019 0.001 0.005
R2 0.182 0.830 -0.01 0.923 -0.96 0.40 0.59 0.964
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4. Conclusion 
The preliminary study was conducted to determine the As adsorption properties of several naturally occurring 
adsorbents. Lignite was the most effective adsorbent for As(V) and followed by bentonite, shale and then iron san. 
On the other hand, the amounts of As(III) adsorbed onto all adsorbents were lower than those of As(V). This 
indicates that As(III) is more difficult to immobilize through adsorption in comparison to As(V). The adsorption 
equilibrium data fitted well with nonlinear models for all adsorbent regardless of the chemical forms of As. The 
amount of adsorption was pH-dependent, and the maximum amount of adsorption was observed at around 
circumneutral pH regardless of the adsorbent and the chemical forms of As. 
Acknowledgements 
       The authors wish to acknowledge to the ASEAN University Network Southeast Asia Engineering Education 
Development Network (AUN/SEED-Net) program and JICA (Japanese International Cooperation Agency) for 
financial support.  
References 
1. , pp.304 310 (2000). 
2. area, 
881 (1994). 
3. Fujinoa, Y, Guoc, X, Liuc, J, Youc, L, Miyataked
mental health burden amongst inhabitants of an arsenic-
pp.1969 1973 (2004). 
4. Meza, M M, Kopplin, M J, Bur
126 (2004). 
5. Bates, M N, Rey, O A, Biggs, M L, Hopenhayn, C, Moore, L E, Kalman, D, Steinm -control study of bladder 
389 (2004). 
6. orthern Chile 
669 (1998). 
7. , 27, 
pp. 360-370(2011). 
8. World Health Organization (WHO), Guidelines for Drinking Water Quality (1993). 
9. m. 17, 
pp.517 568 (2002). 
10. Lai, V W M,  Sun, Y, Ting, E
Applied Pharmacology, 198, pp.297 306 (2004). 
11. The U.S. Environmental Protection Agency (USEPA), Implementation Guidance for the Arsenic Rule, EPA 816-D-02-005, 
Washington, DC (2002). 
12.  
Wat. Qual. Res. J. Can., 32(3), pp.551 561 (1997). 
13. havior of arsenate at transition metal cations captured by amino-functionalized 
1721 (2003). 
14. Elizalde-  Chem. Eng. J., 
81(1 3), pp.187 195 (2001). 
15. - -67 (2005). 
16. 39 
(2000). 
17. -403 (2011). 
  
250   K.K. Mar et al. /  Procedia Earth and Planetary Science  6 ( 2013 )  242 – 250 
18. 3204 
(2004). 
19. 
Water Research, 39, pp.2327 2337 (2005). 
20. Limousin, G, 
-275 (2007). 
21. clopedia of Geochemistry, Chapman Hall, London, pp.21-22 
(1999).S. Scholes, Discuss. Faraday Soc. No. 50 (1970) 222. 
 
 
 
 
 
